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Supplementary Material 1. Pharmacological properties, Clinical Trials, and Real-
World Data

1.1. Dabigatran

Dabigatran etexilate is an oral anticoagulant with a non-peptide structure of synthetic
origin that inhibits Factor Ila (thrombin) preventing the formation of fibrin. Due to its high
hydrophilic properties, it is administered as a prodrug rapidly metabolized to dabigatran
by hepatic and intestinal carboxyl and plasma esterases [1].

The absolute bioavailability of dabigatran etexilate after oral administration is about
6.5% with an important variability in absorbed quota [2]. Absorption increases in an acidic
environment so are formulated in the presence of tartaric acid. Co-administration with
antiH2 drugs and proton pump inhibitors consequently leads to a decrease in absorption
of 12 and 30% respectively. Taking with a meal rich in fat may delay the time needed to
reach Cmax, however, has no significant effect on bioavailability, AUC, or plasma con-
centration [3]. Dabigatran has a rapid action, a peak plasma concentration after about 2
hours after oral administration, and a half-life of about 12-17 hours. Dabigatran is not
metabolized in the liver [4,5].

Dabigatran is a substrate of the glycoprotein P (P-gp), a protein present in the intes-
tine that influences its absorption. Interactions with powerful inducers (such as rifam-
picin, carbamazepine, St. John's wort) or inhibitors (such as fluconazole, ketoconazole,
amiodarone, verapamil, clarithromycin, quinidine) of P-gp can modify the thrombotic
and hemorrhagic risk of patients in treatment [4,5].

It shows a poor binding to plasma proteins (34-35%) and a renal clearance that makes
it the only one that can be hemodialysis. Renal excretion accounts for 80% of its total clear-
ance, the remainder is conjugated with glucuronic acid and excreted by bile. It is contra-
indicated in patients with creatinine clearance (CICr) < 30 mL/min and should be admin-
istered at reduced doses in those with CICr between 30 and 50 mL/min, in patients with
severe renal failure there is a 6.3-fold increase in AUC and a half-life of 28 hours compared
to healthy subjects. In all patients and especially in the elderly (>75 years), since renal
impairment may be frequent in this age group, renal function must be assessed by calcu-
lating creatinine clearance [2,4]. Dabigatran is now marketed as capsules in dosages of
75mg 110mg and 150mg.

Dabigatran authorized indications are:

. primary prevention of venous thromboembolism episodes in orthopedic sur-
gery (initial dose of 110 mg on the day of surgery, a maintenance dose of 220 mg for 10-
35 days).

] Stroke and systemic embolism prevention in adult patients with nonvalvular
atrial fibrillation (NVAF), with one or more of the following factors risk (300 mg per day)

. Treatment of deep vein thrombosis (DVT) and pulmonary embolism (PE) and
prevention of recidivism of DVT and PE in adults (300 mg per day after 5 days of treat-
ment with injecting anticoagulant).
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The RE-LY study compared two doses of Dabigatran (150 and 110 mg) to warfarin,
both doses showed a significant reduction in the risk of hemorrhagic stroke. However, an
increased risk of myocardial infarction (MI) was observed with both dosages (110 mg RR
1.35, 150 mg RR 1.38) [6].

A retrospective sub-study of the trial was conducted to examine MI and myocardial
ischemic events. It showed that the increased risk of MI was unremarked. However, fur-
ther meta-analyses showed mixed results, thus emphasizing the need for greater post-
marketing surveillance.[7] The meta-analysis of Natios et al. of 5 Real World studies
showed the absence of significant differences between dabigatran and warfarin (Hazard
Ratio HR 0.96) in Ml risk. This was further supported by a study investigating the risk of
MI with the use of NOACs and VKAs. This study was based on indirect comparisons
between NOAC and no significant differences in MI risk were found, contrary, relevant
reductions in the risk of MI with all NOACs were observed compared to warfarin [8].

Natios and colleagues showed that the risk of GI bleeding is significantly higher with
dabigatran than with warfarin (HR 1.20), but an overall reduction in mortality with
dabigatran (HR 0.63) mainly due to reduced intracranial bleeding was observed [9].

1.2. Rivaroxaban

Rivaroxaban is a direct oral inhibitor of factor Xa, competitively inhibiting both free
and clot-related factor Xa. Rivaroxaban is rapidly absorbed after oral administration and
Cmax is reached after 2—4 hours. Oral absorption is almost complete and bioavailability is
high (80-100%), regardless of fasting or food intake. The pharmacokinetics of rivaroxaban
is linear up to about 15 mg once a day, dosages 215 mg have a reduced absorption on
fasting, which is restored after food-associated intake [10].

The binding to plasma proteins is high (92-95 %, mainly albumin). The distribution
volume is approximately 50 L. Due to the high plasma protein binding, rivaroxaban is not
dialysable. About 2/3 of the administered dose of rivaroxaban undergo metabolic degra-
dation with subsequent renal and fecal elimination. The remaining 1/3 is excreted directly
via the kidney. Rivaroxaban is metabolized by CYP3A4, CYP2]2, and by CYP independent
mechanisms. It is a substrate of P-gp and Bcrp (breast cancer resistance protein). Sub-
stances with combined inhibitory actions such as many antifungals drugs and protease
inhibitors significantly increase drug concentrations and hemorrhagic risk [10,11].

Rivaroxaban is contraindicated in patients with liver disease associated with coag-
ulopathy and clinically relevant hemorrhagic risk, including cirrhotic patients. Increased
exposure to rivaroxaban has been found in patients with reduced renal function. Rivarox-
aban pharmacokinetics show low intra- and inter-individual variability, making routine
monitoring unnecessary [12]. Rivaroxaban is now marketed as coated tablets in dosages
of 2.5mg, 10mg, 15mg, and 20 mg.

Rivaroxaban authorized indications are:

. Prevention of atherothrombotic events in adult patients after an acute coronary
syndrome (ACS) with elevated cardiac biomarkers (2.5 mg twice a day with acetylsalicylic
acid-ASA alone or with ASA and clopidogrel or ticlopidine).

. Prevention of events atherothrombotic in adult patients, at high risk of is-
chemic events, presenting coronary artery disease (cCAD) or symptomatic peripheral ar-
tery disease (PAD) (2.5 mg twice a day with ASA).

] Prevention of venous thromboembolism (VTE) in adult patients undergoing
replacement surgery elective hip or knee (10 mg per day for 2-5 weeks).
. Deep vein thrombosis (DVT) and pulmonary embolism (PE) treatment and

prevention of recurrences of DVT and EP in adults (15 mg twice a day for the first three
weeks, followed by a dose of 20 mg once daily for the continuation of the treatment and
the prevention of recidivism of DVT and PE).

. Prevention of Stroke and systemic embolism in adult patients with NVAF with
one or more risk factors, such as congestive heart failure, hypertension, age =75 years,
diabetes mellitus, previous stroke, or transient ischemic attack (20 mg per day).
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The results of the Real World studies for rivaroxaban are in agreement with those of
the authorizing Rocket-AF study [13]. When compared with other NOACs, rivaroxaban
shows a higher risk for major bleeding, GI bleeding, and mortality and a comparable risk
of intracranial bleeding compared to apixaban [18,19], a higher risk of major bleeding, GI
bleeding, mortality, and intracranial bleeding compared with dabigatran, mainly in the
elderly population [8,14].

1.3. Apixaban

Apixaban is a direct, reversible, and highly selective inhibitor of Factor Xa. Pharma-
cokinetic studies have shown that the oral bioavailability of apixaban is 50%. It is rapidly
absorbed in the distal tract of the small intestine and ascending colon (Cmax occurs 3—4
hours after administration). Oral bioavailability is not affected by the simultaneous intake
of food, fat-rich meals, and antiacid drugs. The half-life is 8-15 h, plasma protein binding
is about 87% and the distribution volume is 21 L. Apixaban shows an intra- and inter-
individual variability of 20-30% [15,16].

Apixaban has several elimination pathways, it is metabolized in the liver by the
CYP3A4 and CYP3A5. About 25% of the administered dose has been detected as metabo-
lites, the remainder is found in the feces; renal excretion accounts for 27% of total clearance
and occurs through active transport mediated by P-gp and BCRP. The excretion is renal,
biliary, and direct intestinal excretion [15,17].

Given the biotransformation and elimination pathways, the simultaneous intake of
apixaban with potent dual cytochrome CYP3A4 and P-gp inhibitors is not recommended.
Similarly, the simultaneous intake of cytochrome CYP3A4 and P-gp inducers is not rec-
ommended. These drugs may significantly increase or reduce exposure to the drug caus-
ing imbalances in the thrombotic/hemorrhagic risk ratio [18].

No impact of impaired renal function on the plasma peak of apixaban has been ob-
served, there has been an increase in drug exposure correlated with a decrease in CLCr.
In individuals with mild, moderate, and severe renal impairment, AUC increased by 16,
29, and 44% respectively. In individuals with end-stage renal disease, after administration
of 5mg, apixaban's AUC increased by 36%; hemodialysis initiated two hours after admin-
istration decreased AUC by 14%, making it unlikely that hemodialysis is an effective sys-
tem for managing overdose [15,18]. Apixaban is now marketed as coated tablets in dos-
ages of 2.5 mg and 5 mg.

Apixaban authorized indications are:

. Prevention of venous thromboembolic events (VTE) in adult patients undergo-
ing elective hip or knee replacement surgery (2.5 mg twice a day for 10-38 days)

. Prevention of stroke and systemic embolism in adult patients with non-valvu-
lar atrial fibrillation (NVAF), with one or more risk factors, such as a previous stroke or
ischemic attack transient (TIA), age =75 years, hypertension, diabetes mellitus, sympto-
matic heart failure (NYHA Class > II) (5 mg twice a day for 10-38 days)

o Treatment of deep vein thrombosis (DVT) and pulmonary embolism (PE) and
prevention of recurrences of DVT and EP in adults (10 mg twice a day for 7 days followed
by 5 mg twice a day for the treatment, 2.5 mg twice a day for prevention after 6 months of
anticoagulant treatment for DVT or PE).

2 large trials were performed for the use of apixaban in patients with NVAF: AVER-
ROS study and ARISTOTELE study.

The AVERROS study was prematurely discontinued after about 1 year due to the
clear superiority of apixaban over aspirin in reducing the risk of stroke, while no signifi-
cant statistical differences regarding the risk of major and GI bleeding, intracranial hem-
orrhage, and mortality were observed [19].

In the ARISTOTELE study, apixaban was found to be higher than warfarin in reduc-
ing the risk of hemorrhagic stroke (HR 0.51), major bleeding (HR 0.69), and death (HR
0.89) [20].
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The ARISTOPHANES study, a large Observational study conducted on 5 U.S. data-
bases, showed that apixaban, compared with rivaroxaban, is superior for all analyzed
outcomes (stroke, hemorrhagic stroke, systemic embolism, major bleeding, GI bleeding,
intracranial hemorrhage, and other types of bleeding) except for ischemic stroke where
no significant difference was detected between them. Compared to dabigatran, apixaban
was more effective in reducing the risk of stroke, ischemic stroke, major bleeding, and GI
bleeding and not lower for hemorrhagic stroke, intracranial hemorrhage, and other types
of bleeding [21].

Tepper et al. compared the hemorrhagic risk of patients with NVAF treated with
NOAC:s. Researchers identified more than 60,000 adult patients who were treated with
NOACs or who switched from warfarin to a NOAC. In this work were studied: 8785 pa-
tients with FA treated with apixaban, 20,963 with dabigatran, and 30.529 with rivaroxa-
ban. The percentage of patients who discontinued warfarin to take a NOAC in each group
were: 17.3% in the apixaban group, 15.7% in the rivaroxaban group, and 4.4% in the
dabigatran group. In the group treated with apixaban, patients more frequently took an-
tiplatelet drugs, more often had comorbidities, and had slightly higher CHA2DS2-VASc
and HAS-BLED scores than patients treated with dabigatran or rivaroxaban. While most
endpoints were similar, there was a significantly lower risk of GI bleeding with apixaban
than dabigatran. Between apixaban and rivaroxaban, the adjusted risk of each type of
hemorrhage was significantly higher with the latter (major bleeding HR 1,34, not-major
but clinically significant hemorrhages HR 1.39) [22].

Deitelzweig et al. conducted an analysis using data from another U.S. health data-
base, the PharMetrics Plus. The authors assessed the frequency of bleeding, hospitaliza-
tion for all causes, and economic outcome in a sample of U.S. patients representative of
the POPULATION with FA. Altogether, 9150 patients with NVAF who were naive to oral
anticoagulant therapy and had recently started treatment based on a NOAC were consid-
ered. 71.4% of patients were male and 84% of cases started therapy in 2013. The average
age was 63.4 years and patients in the apixaban group were significantly older (p =0.0170).
The average value of the CHADS2 score was 1.8. Patients treated with dabigatran had a
slightly lower HAS-BLED score and lower healthcare costs than patients receiving apixa-
ban or rivaroxaban. When compared with apixaban, treatment with rivaroxaban and
dabigatran was associated with an increased risk of hemorrhage (HR 1.8 p < 0.0001 and
HR 1.27 respectively). Patients treated with rivaroxaban and dabigatran also showed a
higher risk of hospitalization for all causes than apixaban (HR 1.60 and HR 14 respec-
tively). Patients with apixaban generated lower overall costs ($ 3581) than those in
dabigatran therapy ($ 4236; p <0.0001) and rivaroxaban ($ 4144; p <0.0001) [23].

1.4. Edoxaban

Edoxaban is a direct, highly selective, and reversible inhibitor of factor Xa. It presents
arapid onset of action within 1-2 h and effects are predictable and dose-related. Edoxaban
after oral administration has an absolute bioavailability of about 62%, food increases
Cmax but has a minimal effect on total concentration. It is poorly soluble at pH > 6, co-
administration with PPI had no significant effect on exposure to edoxaban.

The average distribution volume is 107 L, the binding to plasma proteins is about
55%. Edoxaban is metabolized by hydrolysis, conjugation, oxidation by CYP3A4 and
CYP3AD5; 3 active metabolites are known of which only the one obtained by hydrolysis is
active.

Edoxaban is a substrate of P-gp, while its active metabolite is a substrate of the
OATP1BI1 capture transporter. Co-administration with P-gp inhibitors (such as cyclospor-
ine, ketoconazole, quinidine, and verapamil) has resulted in increased plasma concentra-
tions of the drug and some cases require administration at a reduced dose. Co-administra-
tion with P-gp inducers (such as rifampicin) has resulted in a reduction in the mean AUC
and half-life of edoxaban and may reduce pharmacological effects.



Pharmaceutics 2021, 13, 252

5 of 9

Renal clearance accounts for approximately 35% of the total dose clearance, metabo-
lism, and biliary clearance make up the remainder. In patients with mild, moderate, and
severe renal impairment the AUC was increased by 32, 74, and 72% respectively and the
profile of metabolites is changed in favor of active metabolites. Subjects with a terminal
renal disease had a total exposure of 93% higher than healthy subjects.

In patients with mild and moderate hepatic impairment, the pharmacokinetics and
pharmacodynamics of edoxaban are not changed. Edoxaban should be used with caution
in patients with liver enzyme or bilirubin levels >2 and 1.5 normal values respectively [24].
Edoxaban is now marketed as coated tablets in dosages of 15 mg, 30 mg, and 60mg.

Edoxaban authorized indications are:

J Stroke and systemic embolism prevention in adult patients with non-valvular
atrial fibrillation (FANV), with one or more risk factors, such as congestive heart failure,
hypertension, age 275 years, diabetes mellitus, previous stroke or transient ischemic attack
(TIA) (60 mg per day).

o Treatment of deep vein thrombosis (DVT) and pulmonary embolism (PE) and
prevention of recurrences of DVT and PE in adults (60 mg per day, after the initial use of
an injecting anticoagulant for at least 5 days).

In the ENGAGE AF-TIMI 48 (e.g. authorization study) both approved doses (30 mg
and 60 mg) significantly reduced the risk of increased bleeding (HR 0.47 and 0.80 respec-
tively), GI bleeding (HR 0.67 and 1.23) and the risk of death from cardiovascular causes
(HR 0.85 and 0.86 respectively) compared to warfarin [25]. The relative efficacy and safety
of edoxaban 60 mg compared with warfarin were independent of different clinical condi-
tions, such as prior stroke, age, risk of falls, renal function, hepatic disease, ischemic heart
disease, heart failure, valvular heart disease, or cancer [26]. After the publication of this
study, a great number of substudies and post hoc analyses have been published, together
with some observational studies. For example, in a study on Asian patients, edoxaban
reported a reduced risk of increased bleeding and mortality for all causes compared to
warfarin [27].

Edoxaban is the last NOAC to obtain marketing authorization and limited data about
the effectiveness and safety of edoxaban in real-life patients are scarce but consistent with
those of the pivotal clinical trial.

1.5. NOACs vs Acenocoumarol

A recent study compared the efficacy and safety of NOACs with acenocoumarol op-
timally anticoagulated patients. This included 1361 patients treated with acenocoumarol
with 100% time in therapeutic range (TTR) and followed in follow-up for 6.5 years. Com-
pared to an optimally anticoagulated population, dabigatran 110 mg had the highest esti-
mated stroke reduction rate (0.97%/year vs 1.47%]/year), the benefit was higher than that
of the RE-LY study. Apixaban showed the highest estimated reduction (1.81%/year vs
2.83%/year) for major bleeding and the largest estimated reduction of mortality
(2.68%/year). Only apixaban showed a significant reduction of gastrointestinal bleeding,
compared to acenocoumarol (0.69%/year vs 1.10%/year); this reduction was significantly
higher than that of the ARISTOTLE study.

All NOCAs showed significantly lower risk rates for intracranial hemorrhage and
had a Net Clinical Benefit (NCB) positive compared to acenocoumarol. Apixaban showed
the highest NCB estimated (2.64; 95%CI 2.34-2.96).

The authors assert that in patients with AF optimally anticoagulated with acenocou-
marol if treated with NOCAs is evident the estimated risk reduction of all clinical out-
comes and apixaban has the best profile of effectiveness and safety [28].

Although Real World data and meta-analyses show apixaban has a better tolerability
profile, in the absence of a head-to-head trial, it may be inappropriate to define one of the
NOCAs as the most appropriate treatment for stroke prevention in a patient with NVAF
[29].
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Table 1. ICD9-CM codes considered in the analysis.

ICD9-CM

Diagnosis

325
410
411
412
430
431
432
434
435
444
453
531
532
533
534
578

415.0
415.1
415.11
415.19
432.0
432.1
432.9
434.0
434.00
434.01
434.1
434.10
434.11
434.9
434.90
434.91
435.8
435.9
437.1
444.0
444.1
444.21
444.22
444.8
444.9
451.0
451.11
451.19
451.2

451.81

451.82

451.83

451.84

451.89

451.9
452
453.1
453.2
453.3

453.40

453.41

453.42

phlebitis and thrombophlebitis of intracranial venous sinuses
acute myocardial infarction
other acute and subacute forms of ischemic heart disease
previous myocardial infarction
subarachnoid hemorrhage
cerebral hemorrhage
other and unspecified intracranial haemorrhages
occlusion of cerebral arteries
transient cerebral ischemia
embolism and arterial thrombosis
embolism and thrombosis of other veins
stomach ulcer
duodenal ulcer
peptic ulcer, site not specified
gastrodjejunum ulcer
gastrointestinal hemorrhage
acute cor pulmonale
pulmonary embolism and pulmonary infarction
pulmonary embolism and iatrogenic pulmonary infarction
other forms of pulmonary embolism and pulmonary infarction
non traumatic extradural hemorrhage
subdural hemorrhage
intracranial hemorrhage not specified
cerebral thrombosis
cerebral thrombosis without mention
cerebral thrombosis with infarction
cerebral embolism
brain embolism without mention of cerebral infarction
cerebral embolism with cerebral infarction
occlusion of cerebral artery, not specified
unspecified cerebral artery occlusion without mention of cerebral infarction
unspecified cerebral artery occlusion with cerebral infarction
other specified transient cerebral ischemia
unspecified transient cerebral ischemia
other generalized cerebral ischemic vasculopathies
abdominal aorta embolism and thrombosis
thoracic aorta embolism and thrombosis
embolism and thrombosis of the arteries of the upper limbs
embolism and thrombosis of the arteries of the lower limbs
embolism and thrombosis of other specified arteries
unspecified artery embolism and thrombosis
phlebitis and thrombophlebitis of the superficial vessels of the lower extremities
phlebitis and thrombophlebitis of the femoral vein
phlebitis and thrombophlebitis of other veins
phlebitis and thrombophlebitis of the lower extremities, not specified
phlebitis and thrombophlebitis of the iliac vein
phlebitis and thrombophlebitis of the superficial veins of the upper extremities
phlebitis and thrombophlebitis of the deep veins of the upper extremities
unspecified phlebitis and thrombophlebitis of the upper extremities
phlebitis and thrombophlebitis of other sites
phlebitis and thrombophlebitis of unspecified sites
portal vein thrombosis
migrant thrombophlebitis
vena cava embolism and thrombosis
renal vein embolism and thrombosis
venous embolism and thrombosis of unspecified deep vessels of the lower limbs

venous embolism and thrombosis of the deep vessels of the proximal parts of the lower limbs
venous embolism and thrombosis of the deep vessels of the distal parts of the lower limbs
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453.8 embolism and thrombosis of other specified veins
453.9 embolism and thrombosis of unspecified site
569.3 rectum and anus hemorrhage

578.0 hematemesis

578.1 melaena and rettorragia

578.9 gastrointestinal hemorrhage, not specified
593.81 kidney vascular diseases

596.7 intramural bladder hemorrhage

Table 2. Aggregated Discharge Diagnosis 2017 and Related Incidence with Confidence Interval
(CI)—patients treated with NOACs.

ICD Diagnosis of Discharge 2017 L\lfu(r:r;l::; Incidence/100 Persons per Year Cl 95% - Cl 95% +
Myocardial infarction 63 4.17 3.91 4.44
Brain hemorrhage 4 0.27 0.20 0.33
Brain thrombosis and embolism 52 3.45 3.20 3.69
Ischemic events 14 0.93 0.80 1.05
Embolism and vascular thrombosis 24 1,.59 1.43 1.75
Gl Hemorrhage 11 0.73 0.62 0.84
Pulmonary embolism 29 1.92 1.74 2.10

Table 3. Aggregated Discharge Diagnosis 2018 and Related Incidence with Confidence Interval
(CI)—patients treated with NOACs.

ICD Diagnosis of Discharge 2018 gfug;::; Incidence/100 Persons per Year Cl 95% - Cl 95% +
Myocardial infarction 15 1.19 0.58 1.8
Brain hemorrhage 6 0.47 0.09 0.85
Brain thrombosis and embolism 10 0.79 0.3 1.28
Ischemic events 4 0.32 0.01 0.63
Embolism and vascular thrombosis 1 0.08 (-0.07) 0.23
Gl Hemorrhage 7 0.55 0.14 0.96
Pulmonary embolism 2 0.16 (-0.06) 0.38

Table 4. Aggregated Discharge Diagnosis 2017 And Related Incidence with Confidence Interval
(CI)—patients treated with VKAs.

Number Incidence/100

% — 0,
of Cases Persons per Year C195% CI95% +

ICD Diagnosis of Discharge 2017 VKAs

Myocardial infarction 65 1.73 1.66 1.80

Bain hemorrhage 12 0.32 0.29 0.35

Brain thrombosis and embolism 30 0.80 0.75 0.84
Ischemic events 17 0.45 0.42 0.49
Embolism and vascular thrombosis 23 0.61 0.57 0.65
Gl Hemorrhage 36 0.96 0.91 1.01

Pulmonary embolism 11 0.29 0.26 0.32
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Table 5. Aggregated Discharge Diagnosis 2018 and Related Incidence with Confidence Interval
(CI)—patients treated with VKAs.

Number Incidence/100

Cl95% - Cl95% +
of cases Persons per Year

ICD Diagnosis of Discharge 2018 VKAs

Myocardial infarction 42 1.31 0.91 1.71

Brain hemorrhage 24 0.75 045 1.05

Brain thrombosis and embolism 30 0.94 0.6 1.28

Ischemic events 10 0.31 0.12 0.5

Embolism and vascular thrombosis 16 0.5 0.25 0.75

Gl Hemorrhage 28 0.88 0.56 1.2

Pulmonary embolism 8 0.25 0.08 0.42
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